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(54) METHOD AND DEVICE FOR TREATING WASTE NF3 GAS 

(57)Abstract: 

PURPOSE: To remove a harmful gas with high efficiency at a low 
running cost by heating, oxidizing and decomposing a waste NF3 
gas, then removing the oxidizing gas such as hydrofluoric acid and 
Si02 at the water washing part and removing the unoxidized NF3, 
etc., by the metal oxide in an NF3 removal device. 
CONSTITUTION: The waste NF3 gas treating device 1 is formed 
with a heating, oxidizing and decomposing device 2 and an NF3 
removal device 3. The waste gas from its inlet pipe 4, nitrogen 
from its inlet pipe 5 and air from its inlet pipe 6 are introduced into 
the reaction part 1 1 of the device 2 to heat, oxidize and 
decompose the waste gas, and most of the NF3 is oxidized and 
decomposed. The treated gas contg. the reaction product is 
washed with cooling water 12 in a washing part 13, and the waste 
water contg. soluble material such as F2 and SiF4, Si02, etc., is 

discharged outside the system. The water-washed gas is introduced into the NF3 removal device 3, the 
unoxidized NF3, etc., are removed by metal oxides, etc., and the waste gas is purified and made 
harmless. 
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Japanese Patent Laid-Open No. 4-290523 

[Title of the Invention] 

NF 3 Waste Gas Treatment Method and System 

[Abstract] 
[Object] 

To provide an NF 3 waste gas treatment method and a 
system to which this method is applied, wherein its running 
cost is low and its removal rate of toxic gas is high. 
[Solving Means] 

An NF 3 waste gas treatment system 1 according to this 
invention comprises a thermal oxidative decomposition 
apparatus 2 and an NF 3 detoxing apparatus 3. In this system, 
waste gas from a waste gas inlet pipe 4, nitrogen from a 
nitrogen inlet pipe 5, and air from an air inlet pipe 6 are 
discharged into a reaction part 11 of the thermal oxidative 
decomposition apparatus 2 to cause the waste gas to be 
heated, oxidized and decomposed, whereby most of NF 3 is 
oxidized and decomposed, and the gas to be treated 
containing thermal oxidative decomposable products produced 
is washed with cooling water 12 at a water washing part 13 . 
Then the waste water containing soluble substances such as 
F 2 , SiF 4 , Si0 2 , etc. is discharged out of the system and, at 
the same time, the gas washed with water is fed into the 
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NF 3 detoxing apparatus 3, and not-yet oxidized NF 3 etc. of 
the gas is removed and treated by using metal oxide etc. to 
purify and make non-toxic the waste gas. 
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[Claims] 
[Claim 1] 

An NF 3 waste gas treatment method characterized in 
that waste gas containing NF 3 is subjected to a thermal 
oxidative decomposition treatment and NF 3 remaining in the 
gas treated is detoxed. 
[Claim 2] 

An.NF.3 waste gas treatment system characterized by 
comprising an apparatus for subjecting a waste gas 
containing NF 3 to a thermal oxidative decomposition 
treatment and a detoxing apparatus for detoxing NF 3 
remaining in the gas treated. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to a method and apparatus for 
purifying and detoxing NF 3 waste gas generated in a 
manufacturing process of a semiconductor or liquid crystal. 

[0002] 

[Prior Art] 

CVD waste gas requires to be treated because it 
contains a great amount of unreacted process gas and 
harmful ingredients generated in its decomposing action. 
[0003] 
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In addition, NF 3 used for cleaning in CVD contains 
unreacted NF 3 acting as a cleaning waste gas, SiF 4 generated 
through reaction, etc. Therefore, NF 3 is required to be 
treated and be non-toxic. 
[0004] 

Conventionally, a CVD waste gas has been treated by 
an absorbing method performed by a wet -type scrubber, an 
adsorption method performed with a solid adsorbing agent, a 
combustion method, and the like are applied. In addition, 
NF 3 has been treated with a combination of the wet-type 
absorption process or thermal decomposition and adsorption 
process . 
[0005] 

The wet-type absorption process sometimes has a low 
removal rate of harmful gas. Although the adsorption 
method has a high removal rate, it is requested that an 
adsorption agent or a decomposing agent is replaced. This 
results in that its running cost becomes high. Although 
the combustion method is effective for the CVD waste gas 
treatment where a combustible gas is treated, it is not 
possible to treat the cleaning gas. 
[0006] 

This invention realizes a low running cost and a 
high removal rate of a toxic gas. 
[0007] 



5 



[Means for Solving the Problems] 

This invention provides a treatment method described 
below (1) and a treatment apparatus described below (2) , 
and so the aforesaid problems can be solved. 

[0008] 

(1) An NF 3 waste gas treatment method characterized 
in that waste gas containing NF 3 is subjected to a thermal 
oxidative decomposition treatment and NF 3 remaining in the 
gas treated is detoxed. 

(2) An NF 3 waste gas treatment system characterized 
by comprising an apparatus for subjecting a waste gas 
containing NF 3 to a thermal oxidative decomposition 
treatment and a detoxing apparatus for detoxing NF 3 
remaining in the gas treated. 

[0009] 

A waste gas containing NF 3 i.e., an NF 3 waste gas 
(hereinafter referred to as a waste gas) in this invention 
may be any type of gas containing NF 3 . For example, the NF 3 
waste gas means a waste gas used in an apparatus using a 
cleaning gas containing at least NF 3 in a semiconductor 
manufacturing process. Further, the NF 3 waste gas means 
that it includes a reactive product composed of NF 3 
generated as a result of cleaning treatment within the 
apparatus with cleaning gas and a substance to be cleaned 
present in the apparatus in addition to the waste gas of 
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the process gas. Accordingly, detoxing of NF 3 in this 
invention involves a detoxing treatment for NF 3 derivatives 
[0010] 

In this invention, the waste gas is directly 
subjected to the thermal oxidative decomposition treatment 
so that most of the substantial organic constituents are 
formed into C0 2 and water for the waste gas derived from 
the process gas, metal portions become metal oxide fine 
particles such as Si0 2/ and F 2 , NOx, etc. are generated for 
NF 3 . Then, the treatment gas is washed with water, as 
desired, to remove fine particles, F 2 , SiF 4/ etc. through 
melting or winding. Next, the treatment gas is passed 
through an NF 3 detoxing apparatus filled with a detoxing 
agent to remove remained NF 3 , NOx, etc. to provide a non- 
toxic treatment gas . 
[0011] 

This invention has an advantage in that an economic 
efficiency in treatment of NF 3 is improved because an 
amount of treating not-yet oxidized NF 3 at a later stage is 
substantially reduced by a method wherein waste gas is 
subjected to the thermal oxidative decomposition treatment, 
then the organic constituents contained in the waste gas 
are detoxed into water and C0 2/ and most of NF 3 , preferably 
more than 80% thereof, is oxidized. 
[0012] 
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Detoxing agent used in this invention is not 
particularly limited but any type of known agent may be 
used, as long as it may have a function able to prevent NF 3 
from being discharged into an environment as it is. 
Specific examples of detoxing agents include a chemical 
detoxing agent which chemically reacts with NF 3 to change a 
part or all of NF 3 into another compound to detox NF 3/ a 
physical detoxing . agent which physically adsorbs NF 3 
therein and retains it, and their combined agents or the 
like. 
[0013] 

A chemical detoxing agent includes such a type that 
NF 3 is oxidized and decomposed to be changed into F 2 and NOx, 
and at the same time, chemically reacts with F 2 . More 
preferably, a chemical detoxing agent includes metals such 
as Iron, manganese, copper, silicon, and titanium, or their 
oxides . 
[0014] 

A physical detoxing agent includes silica, activated 
carbon, alumina, and molecular sieve. A form of the 
detoxing agent is optional. Thread-like form, powder form 
and other materials, for example, complex material with 
cellulose or the like can be used. Normally, a container 
provided with a flow inlet for the gas subjected to the 
thermal oxidative decomposition treatment and a flow outlet 



8 



for gas subjected NF 3 to detoxing treatment is filled or 
charged with a desired amount of the agent to form a 
detoxing apparatus . 
[0015] 

It is preferable that an operation be carried out 
under a condition where the detoxing apparatus is kept at a 

temperature of 3 0 0°C or more when the chemical detoxing 
agent is used. Although it is preferable that this heating 
means be a heater and the like, the heating means may be 
implemented through heat exchanging with treated waste gas. 
[0016] 

Additionally, it is desirable that the treatment 
speed SV (a flow velocity) , at the detoxing apparatus, of 
the gas subjected to the thermal oxidative decomposition 
treatment be 2000 1/h. The typical apparatus for 
discharging waste gas in this invention includes a CVD 
apparatus. The waste gas is constituted by a CVD waste gas 
derived from the process gas at the time of CVD processing 
and/or a cleaning waste gas at the time of cleaning 
operation . 
[0017] 

The process gases providing CVD waste gas are, for 
example, as an inorganic raw material, monosilane, disilane, 
dichlorosilane and etc., and as an organic raw material, 
TEOS (tetraethoxisilane) , TMB (trimethoxybolan) . These 
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waste gases are used in one or more kinds in single or in 
combination. These waste gases include some thermal 
oxidative decomposable products such as their unreacted 
product or their derivatives, reacted decomposed product, 
for example, H 2 , CO, alcohols such as C 2 H 5 OH, aldehyde such 
as CH3CHO, and hydrocarbon such as C 2 H 4 . These waste gases 
are subjected to the thermal oxidative decomposition 
treatment to become mainly metal oxides such as Si0 2 , and 
H 2 0 and C0 2 . It is apparent that the thermal oxidative 
decomposition treatment defined herein includes a mere 
oxidization of substance that cannot be decomposed, that is, 
oxidization of unit such as hydrogen, metal or the like. 
[0018] 

The cleaning waste gas is composed of at least a 
reactive product between NF 2 and substance in CVD (such as 
not-yet discharged CVD processed substance and the like) , 
SiF 4 and NF 3 derivative, for example, a cleaning gas and a 
substance in CVD physically cleaned with the cleaning gas 
and the like. 
[0019] 

The cleaning gas additionally includes CF 4/ C 2 F 6 , SF 6 
and C1F 3 . A reaction condition for the thermal oxidative 
decomposition treatment and a waste gas feeding condition 
and the like in this invention are not restricted in 
particular. It is sufficiently applicable that the thermal 
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oxidative decomposable products contained in the waste gas 
at least under co-existence of oxygen may be heated, 
oxidized and decomposed. Accordingly, when the waste gas 
is fed into the thermal oxidative decomposition apparatus, 
it is concurrently required that oxygen be present at the 
heating and oxidization reaction part. Although a status 
of oxygen in its presence is optional, it is preferable 
that this oxygen be fed as gas containing oxygen, for 
example, air or the like, together with waste gas. In 
addition, in order to adjust the conditions for the thermal 
oxidative decomposition, optional gas can be mixed with it. 
For example, it is assumed that inert gas such as nitrogen 
or the like is mixed. It is preferable that the oxygen be 
fed into a reaction part of the thermal oxidative 
decomposition apparatus under a three-ply structure such 
that the nitrogen gas encloses the waste gas and oxygen 
encloses these gases. Furthermore, it is also preferable 
that a concentric three ply structure of pipes be arranged 
at the thermal oxidative decomposition apparatus as a 
feeding part of these gases. 
[0020] 

In addition, although the heating means in the 
thermal oxidative decomposition apparatus is arbitrary, it 
is preferably desirable to employ a heating system with a 
heater in which temperature can be electrically controlled 
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as described above and it is normally possible to arrange 
it within the wall of the reaction part. Additionally, a 
temperature at the reaction part is preferably in a range 

of 800 to 1000°C. 
[0021] 

In this invention, it is possible that the waste gas 
which is subjected to the thermal oxidative decomposition 
treatment is transferred as it is to a detoxing apparatus 
for detoxing NF 3 according to its composition or 
transferred to the detoxing apparatus after undergoing 
another optional treatment. 
[0022] 

In particular, it is preferable in this invention to 
contact the waste gas subjected to thermal oxidative 
decomposition treatment with water, that is, to apply the 
waste gas to the water washing process. With this 
arrangement, it is possible to remove metal oxide fine 
particles such as Si0 2 generated by the decomposition 
treatment through their enclosing operation, remove water 
soluble compound such as SiF 4 and F 3 through their 
solubility, cool the treated gas and the like. Although 
this method for water washing process is optional, it is 
preferable that it should be contacted with the process gas 
in its atomized state. 
[0023] 
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The gas washed with water and then subjected to NF 3 
detoxing treatment can be discharged into the environment 
or can be treated with another optional treatment as 
desired, for example, treated with a known adsorption 
process and the like. The optional gas discharging means, 
for example, the gas discharging pipe or the like can be 
arranged at the detoxing apparatus. In addition, 
discharging of- washed water out of the system is performed 
by a water discharging means such as a water discharging 
pipe. The water washing means and the discharging pipe or 
the like may be arranged at the thermal oxidative 
decomposition apparatus or separately installed in its 
independent manner . 
[0024] 

This invention can be provided with a control 
apparatus operated in such a way that a series of the 
aforesaid treatment steps may be performed continuously and 
automatically and that a desired treatment condition can be 
properly selected. This control apparatus is usually 
communicated with various kinds of detector apparatuses, 
for example, a temperature sensor, pressure sensor, water- 
level sensor and the like and constructed such that a safe 
and optimum treatment is carried out. 
[0025] 

Since the thermal oxidative decomposition system in 
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this invention oxidizes and decomposes waste gas under a 
high temperature and its treatment can be performed within 
a short period of time, even if a large amount of CVD waste 
gas is present, a more efficient treatment can be carried 
out. Furthermore, electricity, air, nitrogen and cooling 
water (also acting as cleaning water) for heating operation 
are present, the treatment can be performed with high 
-efficiency. As a result, a less expensive running cost 
than that of applying only a dry adsorption method is 
attained. In addition, the thermal oxidative decomposition 
apparatus, a water washing part (gas cooling and solid 
material removing) as required and an NF 3 detoxing 
apparatus are connected in series, whereby acid gas is 
removed at the water washing part and thereafter NF 3 that 
could not be decomposed with the thermal decomposition 
apparatus can be removed completely by the NF 3 detoxing 
apparatus. In addition, about 80% of the fed NF 3 is removed 
by the thermal oxidative decomposition apparatus, so that a 
load on the NF 3 detoxing apparatus can be substantially 
reduced . 
[0026] 

[Operation] 

This invention treats at first the waste gas 
including NF 3 cleaning gas discharged from the CVD process 
and the like with the thermal oxidative decomposition 
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apparatus. The thermal oxidative decomposition apparatus 
oxidizes and decomposes at a temperature more than 8 0 0°C 
and less than 1000°C CVD waste gases such as silane and 
disilane, and NF 3 . 
[0027] 

Then, an acid gas such as fluoric acid and Si0 2 are 
removed at the water washing part as desired. Lastly, NF 3 
is made to react with metal oxides at the NF 3 detoxing 
apparatus under a condition of heated state of preferably 
3 0 0°C or more and removed, whereby the CVD waste gas and 
the NF 3 cleaning waste gas can be completely decomposed and 
removed . 
[0028] 

[Preferred Embodiment] 

Referring to Fig. 1, a practical preferred 
embodiment of this invention will be described as follows. 
This invention is not limited to this preferred embodiment. 

[0029] 

Fig. 1 shows one example of the treatment system 
used in this invention, wherein an NF 3 waste gas treatment 
system 1 of this invention includes a thermal oxidative 
decomposition apparatus 2 and an NF 3 detoxing apparatus 3. 
The thermal oxidative decomposition apparatus 2 includes a 
gas feeding part 7 of a three-ply structure having 
concentrically arranged a waste gas inlet pipe 4 for 
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feeding a CVD waste gas from a CVD apparatus, a nitrogen 
inlet pipe 5 for feeding nitrogen for adjusting oxidization 
of a waste gas and an air inlet pipe 6 for supplying oxygen 
to oxidize the thermal oxidative decomposable products in 
the waste gas. The thermal oxidative decomposition 
apparatus 2 includes a reaction part 11 having at its outer 
wall a ceramic heater 8 acting as a heat source for 
subjecting the waste gas in these mixed gases released from 
the gas feeding part to heating, oxidizing and decomposing 
treatment and having thermocouples 9, 10 to control its own 
temperature; a water washing part 13 for washing with water 
the gas to be treated including the thermal oxidative 
decomposable products generated at the reaction part 11 by 
cooling water 12; and a discharging pipe 14 for discharging 
water containing soluble substances such as F 2 , and SiF 4/ 
and Si0 2 outside the system. 
[0030] 

The NF 3 detoxing apparatus 3 is arranged at the rear 
stage of the thermal oxidative decomposition apparatus 2 
and the treated gas washed with water is fed into the NF 3 
detoxing apparatus 3 through a supply pipe 15 . The NF 3 
detoxing apparatus 3 is filled with metal oxide used for 
detoxing gas such as fed NF 3 . The waste gas can be purified 
and detoxed by passing through the NF 3 detoxing apparatus 3 , 
and then discharged through the arranged gas discharging 
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pipe 16. Reference numerals 17 to 19 each denotes the 
sampling pipes A, B and C for sampling the waste gas, gas 
subjected to heating, oxidizing, decomposing and to water- 
washing, and gas treated with catalyst. 
[0031] 

[Experimental Example] 

A treatment test was carried out with the apparatus 
shown in Fig. 1. An amount of waste gas including NF 3 and 
SiH 4 was 4 0L/min. The treatment condition for the thermal 
oxidative decomposition apparatus, was set such that a 

reaction temperature was 900°C, N 2 10 L/min. , air for 
oxidation 2 0 L/min. and the cooling water 4L/min. A 
reaction temperature of the NF 3 detoxing apparatus was set 

to 300°C. The result will be indicated in Table 1. A, B 
and C in this table denote sampled pipes. 
[0032] 



Table-1 Unit: ppm 





NF 3 


SiH 4 


A 


B 


C 


A 


B 


C 


1 hour 


5100 


950 


<10 


3000 


<5 


<5 


2 hours 


5000 


850 


<10 


2800 


<5 


<5 


3 hours 


5000 


1000 


<10 


3100 


<5 


<5 


4 hours 


5000 


850 


<10 


3000 


<5 


<5 
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As indicated in Table-1, SiH 4 can be removed by the 
thermal oxidative decomposition apparatus, and NF 3 can also 
be removed by about 80 to 83%. The residual NF 3 is treated 
with the NF 3 detoxing apparatus at a rear stage, whereby 
the waste gas generated from CVD can be completely detoxed. 
[0034] 

[Effect of the Invention] 

The waste gas treatment method of this invention 
reduces the running cost as compared with that of the 
adsorption process of the prior art and further attains a 
high efficient removal of a harmful gas. In addition, this 
invention is quite effective when the waste gas of the CVD 
apparatus operated in a sheet -like manner is treated, where 
a CVD waste gas and a cleaning waste gas are not separated 
completely and discharged. 

[Brief Description of the Drawing] 

[Fig. 1] 

This is an explanatory figure of a NF 3 waste gas 
treatment system to which the method of the present 
invention is applied. 

[Description of the Reference Numerals] 

1 NF 3 waste gas treatment system 

2 Thermal oxidative decomposition apparatus 

3 NF 3 detoxing apparatus 

4 Waste gas inlet pipe 



5 


Nitrogen inlet pipe 


6 


Air inlet pipe 


7 


Gas inlet part 


8 


Ceramic heater 


9 


Thermocouple 


10 


Thermocouple 


12 


Cooling water 


13 


Water washing part 


14 


Discharging pipe 


15 


Supply pipe 


16 


Discharging pipe 


17 


Sampling pipe A 


18 


Sampling pipe B 


19 


Sampling pipe C 
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[Title of Document] Description 

i ppnrFSS FOR TREATING FLUORINE 
[Title of the Invention] PROCESS huk 

COMPOUND-CONTAINING GAS 

[Claims] 
5 [Claim 1] 

A process for treating a fluorine compound- 
containing gas. characterized by containing a step of 
contacting a gas stream containing at least one of a 
- compound including two or more carbon atoms and fluorine 
10 atom.s, . or a compound containing nitrogen atom.s, and 
fluorine atom(s) with a catalyst containing at least one 
of alumina, titania. silica and rirconia at , 
temperature of about 400 to OOO'C in the presence of an 

4- ^ w.ter vapor to convert the F in the 
effective amount of water vapui 

15 gas stream to HF. 
[Claim 2] 

The process according to claim 1, wherein the 
fluorine compound-containing gas includes a compound of 
c and r having two or more carbon atoms, or a compound 

20 of N and F. 
[Claim 3] 

The process according to Claim 1, wherein the 
catalyst further contains at least one component 

25 [Claim 4] 

A catalyst for decomposing fluorine compounds 
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by treating a gas stream containing at least one of a 
compound of C and F having two or more carbon atoms, or 
a compound of N and F, said catalyst comprising alumina 
and titania, wherein the alumina is contained 75% by 
5 weight or more and 98% by weight or less, and the 
titania is contained 25% by weight or less and 2% by 
weight or more. 
[Claim 5] 

The catalyst according to Claim 4, wherein the 
10 catalyst further contains at least one component 

selected from Si, Mg, Zr, W, Sn, Ce, Mn, Bi, Ni, P and 
B. 

[Claim 6] 

The catalyst according to Claim 5, wherein the 
15 catalyst contains one or more oxides of Si, Mg, Zr, W, 
Sn, Ce, Mn, Bi, Ni, P and B in an amount of 0.1% by 
weight to 10% by weight based on the main weight of the 
aluminatitania catalyst . 

[Detailed Description of the Invention] 
20 [0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to a process for 
efficient decomposition treatment of a gas containing 
fluorine compounds such as C2F 6/ etc. at- a low 
25 temperature and a catalyst material. 
[0002] 
[Prior Art] 
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Fluorine compound gases such as C 2 F6, etc. are 
used in a large amount as a semiconductor etchant, a 
semiconductor cleaner, etc. However, it was found that 
these compounds, once discharged into the atmosphere, 
5 turn into warming substances causing global warming. 

Post-treatment of these compounds after their use would 
be subject to a strict control in the future. 
[0003] 

By the way, gases such as C 2 F 6 , etc. have 
10 fluorine (F) in a large amount as a molecular 

constituting element. The fluorine is the. highest in 
electronegativity among all the elements and forms 
chemically very stable substances. Particularly, C 2 F 6 
and the like are strong in intramolecular force and 
15 substances poor in reactivity. From these properties, a 
high temperature is necessary for decomposition and a 
large amount of energy is consumed therefor. Further, 
the decomposition reaction at the high temperature 
produces gases such as hydrogen fluoride, etc. which are 
20 large in corrosion rate of apparatus materials. It is 
thus in the current situations that no appropriate 
processes for such decomposition treatment are not 
available yet. 
[0004] 

25 As the decomposition treatment processes, 

there is proposing a combustion technology at a high 
temperature. But , according to this process, since a 
large amount of -fuel is used, the energy efficiency is 
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low. In addition, there is a problem of damage of 
furnace wall caused by halogen compounds produced by 
combustion at 1000°C or higher. Therefore, it is 
necessary a technology which can decompose at lower 
5 temperatures . 

[0005] 

As to the catalyst, JP-B-6-59388 discloses a 
Ti0 2 -W0 3 catalyst for decomposition of organic halogen 
compounds. The catalyst contains 0.1 to 20% by weight 

10 of W on the basis of TiO z (i.e. 92% to 99.96% of Ti by 
atom and 8 to 0.04% by atom of W) and had a decomposi- 
tion rate of 99% at 375°C for a duration of 1,500 hours 
in treatment of CC1 4 in ppm order. Among organic halogen 
compounds, influences as catalyst poison are found not 

15 only in Cl but also in F, the latter is greater than the 
former. JP-B-6-59388 suggests that organic halogen 
compounds having a single carbon atom, such as CF 4 , 
CC1 2 F 2 , etc. can be decomposed, but shows no examples of 
decomposition results of fluorine compounds. Further, 

20 generally speaking, organic halogen compounds having 2 
carbon atoms are less decomposable than those having a 
single carbon atom. 

JP-A-7-80303 discloses another Al 2 0 3 -Zr0 2 -W0 3 
catalyst for decomposition of fluorine compound gases. 

25 The catalyst is directed to combustion-decomposition of 
CFCs (chlorof luorocarbons ) and has a decomposition rate 
of 98% for a duration of 10 hours in treatment of CFC- 
115 (C 2 C1F5> by combustion-decomposition reaction at 
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60 0-C. The disclosed process needs addition o£ hydro- 
carbons such as n-butane, etc. as a combustion a a d, 
resulting in a higher treatment cost. Decomposition of 
comp ounds consisting only of carbon and fluorine such as 
5 c 2 r 6 , etc. are much less decomposable than CFC-115, but 

0-iHr.n results of such compounds 
no examples of decomposition results 

are shown therein. 
[0006] 

[Problem to be Solved by the Invention] 
10 An object of the present invention is to 

provide a process for efficient decomposition treatment^ 
of a gas containing at least one of a compound having 
two or more carbon atoms and fluorine atom(s), or a 
compound having nitrogen atom(s) and fluorine atom(s) at 
15 a low temperature, and a catalyst therefore. 
[0007] 

[Means for Solving Problem] 

The present inventors have studied 
• ^composition treatment processes which are possible to 
20 decompose fluorine oompound-containing gas at low 

temperatures with high efficiency and hardly provide 
corrosion of the apparatus by hydrogen fluoride freed as 
a decomposition product, and as a result, the present 
invention is attained. 

25 [0008] 

That is, it was found that by contacting a gas 

stream containing at least one of a compound having -two 
or .ore carbon atoms and fluorine atom(s), or a compound 
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having nitrogen atom(s) and fluorine atom(s) with a 
catalyst for decomposing specific fluorine compounds at 
about 400 to about 800 °C in the presence of an efficient 
amount of water vapor, the fluorine in the gas stream 
5 can be converted to HF. As the decomposing catalyst, it 
is possible to use a catalyst which contains at least 
one kind selected from alumina, titania, silica and 
zirconia. 

[0009] 

10 As the fluorine compounds, there can be used 

those having C and F with two or more carbon atoms such 
as C2F 6 , etc., those having N and F such as NF 3 , etc. 
[0010] 

Further, it was found that when at least one 
15 component selected from Si, Mg, Zr, W, Sn, Ce, Mn, Bi 
and Ni is added to the catalyst, it was possible to 
decompose the fluorine compound-containing gas with 
higher activity. These catalysts contains alumina, 
titania, silica, zirconia and oxide or oxides of at 
20 least one component selected from Si, Mg, Zr, W, Sn, Ce, 
Mn, Bi, Ni, P and B in the form of a mixture or 
composite oxide. In the case of the catalyst containing 
alumina and titania, when alumina is 75% by weight or 
more and 98% by weight or less and titania is 25% by 
25 weight .or less and 2%. by weight or more/ the 

effects are very great. Further, when the oxide of Si, 
Mg, Zr, W, Sn, Ce, Mn, Bi, Ni, P, and B is contained 0.1 
to 10% by weight based on the. main weight of. the 
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catalyst, the affects are great. 
[0011] 

ss a result cf various studies for developing 
decomposition catalysts for fluorine ccpound-containing 
5 g as, it was found that it is necessary to contain a 

metallic component for forming a bond to fluorine with a 
suitable strength. Particularly, in the case of a 
compound containing carbon and fluorine, since the 
B olecule per s. is stable, it was found that a catalyst 
10 containing a metafile component having a large fluorrde 
eorming enthalpy shows . high-decomposition activity.. 
Mhen a t0 o stabie bond is formed, the activity lowers 
gr adually because of non-release of the fluoride fro* 
the oatalyst surface. On the other hand, when the 
15 .ending strength is too wea k , a sufficient decomposition 
rate cannot be obtained. The gases used in the present 
mention such as C*. or the liKe are substances which 
have a strong intramolecular force and poor 
In order to combust these gases, th, temperature of 

-,.-„>,<, n.cessarv. We have found that 
20 to 2000°C is said to be necessary. 

th e gases used in the present invention can be 
decomposed by even using alumina, titania, silica and 
sirconia singly as a catalyst, and in order to obtain 
higher decomposition rate, it is preferable to use a 
25 catalyst containing alumina and titania. The alumina 
seems to function for drawing the fluorine compound to 
the catalyst and the titania see.s to function, for 
separating the fluorine compound from the catalyst 
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surface. 

[0012] 

The oxides of Si, Mg, 8r, W, Sn. Ce f Mn, Bi 
and Ni seen, to exhibit synergistic effects with alumina, 
5 titania, silica and zirconia. Further, the titania in 
the catalyst seems to contribute to the stabilitation . 
[0013] 

in the decomposition treatment process of the 
fluorine compound-containing gas of the present 
10 invention, . it was found that the fluorine compound such 

as CaFs or the like can be diluted with an inert gas By 

diluting the concentration of the fluorine compound, the 
load for the catalyst is reduced, resulting in 
.attaining the decomposition activity for a long period 
15 of time. As the diluting gas, it is possible to use an 
inert gas such as Ar, N 2 , He or the like. 
[0014] 

The fluorine-containing compounds used in the 
present invention are PFC (pert luorocompounds) such as 
20 C 2 F 6 , NF 3 , etc. or FFC (fully f luorocompounds) . Typical 
reactions can be shown below. 
[0015] 

C 2 F 6 + 3H 2 0 -> CO + C0 2 + 6HF 
C 2 F 6 + 2H 2 0 + l/20 2 -* 2C0 2 + 6HF 
25 NF 3 + 3H 2 0 N0 2 + 1/2 0 2 + 6HF 

It is desirable to add. these fluorine 
compounds so as to make the amount of hydrogen atoms in 
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the gas t o be treated at least equal to the amount of 
flU orine atoms contained in the fluorine compound. By 
this F in the compound becomes HF. and F in the 
decomposition products changes into hydrogen halide 
S which is easy for after-treatment. As a hydrogen 
source, there can be used steam, hydrogen, a 

ptr In the case of using a hydrocarbon, 
hydrocarbon, etc. m uie 

the hydrocarbon can be combusted on the catalyst, 
ther eby effectively reducing the heat energy to be 

10 supplied. 

[0016] 

By adding an oxidizing gas such as oxygen, 
etc to the reaction gas, oxidation reaction of CO can 
be carried out at the same time. When the oxidation 
15 taction of CO is incomplete, the decomposition product 
g as is brought into contact with the CO oxidizing 
catalyst, after removal of HF from the decomposition 
product gas, to convert CO to C0 2 . 
[0017] 

By using the catalyst of the present 
invention, flons such as C 2 C1 2 F 4 , C 2 C1F 5 , etc., 

substitute flons such as HFC 134a, etc. and compounds 
such as SF 6 , etc can be decomposed. Further, CI in the 
compounds in the case of treating chlorine compounds „ 
2 5 converted to HC1. 
[0018] 

The reaction temperature used in the present . 
invention is preferably about 200= to about 800*0. Above 
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the higher twer*^ * ^ decomposition rate can 
be obtained, but the catalyst will be rapidly 
deteriorated, and also the corrosion rate of apparatus 
structural materials will be abruptly increased, whereas 
5 below the lower temperature, the decomposition rate will 
be lowered. 

R s the step of neutralizing and removing the 
£otmed „. washing by spraying an alkaline solution is 
e£fi cient and preferable because of less occurrence of 
X„ clogging in pipes due to crystal deposition, etc^ 

"subbling of the decomposition product gas through the ... 
marine solution or washing with the alkaline solutron 
through a packed column may be used. 
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[0019] 

M the raw material for aluminum (All for 



preP aring the catalyst of the present invention, y- 
alumina and a mixture of y-alumina and 8-alumin. can be 
use d. Particularly preferable method is to us. 

fAr A.1 to form an oxide 
=.« a raw material tor ^i 
boehmite, etc. as a raw 

20 through final firing- 

[0020] 

As the raw material for titanium (Ti) for 
preP arin g the catalyst of the present invention, there 
can be used titanium sulfate, titania sol, titanium 

25 slurry, etc. 

[0021] 

Further, as raw materials for the third 

^-.-Mn* (Si), magnesium (Mg) , 
metallic components such as silica (Si) , 
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zirconium (Zr) , etc., their various nitrates, ammonium 
salts, chlorides, etc. can be used. 
[0022] 

The catalyst of the present invention can be 
5 prepared by any of ordinary procedures for preparing 
catalysts, such as a precipitation method, an 
impregnation method, a kneading method, etc. 
[0023] 

The catalyst of. the present invention can be 

10 used as such or upon molding into a granular form, a 

honeycomb form, etc. by a desired molding- procedure such 
as extrusion molding, tabletting, tumbling granulation, 
etc., or as a coating on ceramic or metallic honeycombs 
or plates. 

15 [0024] 

The fluorine compound-containing gas treating 
process of the present invention can decompose the 
fluorine compounds in a lower temperature than other 
treating processes . 

20 [0025] 

In the case of treating fluorine compound- 
containing gas, there arises a problem of corrosion of 
apparatus materials caused by the acid component such as 
HF, etc. produced by decomposition. According to the 

25 present invention, s.ince the temperature used is 

relatively low, the corrosion rate is 3low, resulting in 
unnecessary for maintenance of the apparatus. 
[0026] 
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The apparatus for practicing the fluorine 
compound-containing g as treating process of the present 
invention requires only a catalytic reactor for 
decomposing the fluorine compounds and an apparatus for 
neutralizing and removing acid components in the 
decomposition product gas, so that the apparatus can be 

minimized. 

[0027] 

[Mode for Carrying Out the Invention] 

The present invention will be described in 
detail below/ referring to Examples which are not 
limitative of the present invention. 
[0028] 

Fig. 1 shows an example of using the 

•.•on treatment process of the present invention 
15 decomposition treatment h 

fir a cleaning step in a plasma CVD apparatus in the 
semiconductor production process. 
[0029] 

The plasma CVD apparatus is an apparatus for 
20 vapor depositing a SiC, film on a semiconductor wafer 
surface. Since the SiC, film tends to deposit on the 
entire interior surfaces of the apparatus, and thus it 
is necessary to remove Si0 2 depositions from unwanted 

=!iO, C,F S is used. Cleaning gas 
surfaces. To clean the Sx0 2 , c 2 t 6 i 

r f is led to a CVD chamber to remove Si0 2 
25 containing C 2 F 6 is lea 

un der plas-s excitation. Then, the chamber is flushed 
„ith a * gas, thereby diluting the concentration of C,F S 
t0 about 3 to 5%. followed by discharge fro. the chamber 
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at about 15 l./min. 
[0030] 

The discharged gas is admixed with air 3 to 
dilute C 2 F 6 . The diluted gas is further admixed with 
5 steam 4 to give a reaction gas 5, which is led to a 
decomposition step. The C2F6 concentration in the 
reaction gas is about 0.5%. In the decomposition step, 
the reaction gas 5 is contacted with a A1 2 0 3 series 
catalyst at 700 °C under the conditions of space velocity 

10 of 3000 per hour [space velocity (hf 1 ) = reaction gas 
flow rate (ml/h) /catalyst volume (ml )} . In that case, 
the reaction gas may be heated or the catalyst may be 
heated by an electric oven, etc. The resulting 
decomposition gas 6 is led to an exhaust gas washing 

15 step, where the decomposition gas 6 is sprayed with an 

aqueous alkaline solution to remove acid components from 
the decomposition gas 6 and the resulting exhaust gas 7 
freed from the acid components is discharged to the 
system outside. The decomposition rate of C 2 F 6 is 

20 obtained from the analysis data of the reaction gas 5 
and the exhaust gas 7 using FID (flame ionization 
detector) gas chromatograph and TCD (thermal 
conductivity detector) gas chromatograph, and material 
balance at' the inlet and the outlet. 

25 [0031] 

Hereinafter, the results obtained by examining 
activities of various fluorine compound decomposing 
catalysts are explained. 
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[0032] 
[Example 1] 

A C 2 F 6 gas having a purity of 99% or more was 
diluted with air, and further admixed with steam to 
5 prepare a reaction gas. Steam for the admixture was 

prepared by feeding pure water into a reactor tube from 
the top at a flow rate of 0.11 ml/min. by a microtube 
pump and gasified. The reaction gas had a C2F6 
concentration of about 0.5%. Then, the reaction gas was 
10 brought into contact with various catalysts heated to 
700°C in the reactor tube at a space velocity of 3,000 
h" 1 . 

[0033] 

The reactor tube is a reactor tube 
15 manufactured by Inconel and having an inner diameter of 
19 mm, where a catalyst bed is fixed at the center of 
the reactor tube and had an Inconel-made thermowell for 
a thermo couple, 3 mm in outer diameter, inside the 
catalyst bed. Decomposition product gas discharged from 
20 the catalyst bed was bubbled through an aqueous sodium 
chloride solution an then discharged as an exhaust gas. 
C 2 F 6 decomposition rate was calculated by the following 
equation using FID gas chromatograph and TGD gas 
chromatograph : 
25 [0034] 

[Expression 1] 
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Concentration of discharged 
fluorine compound 



Decomposition rate = 1 - 



x 100 (%) 



Concentration of fed 
fluorine compound 



[0035] 



Hereinafter, preparation methods of various 



catalysts used for the tests under the above-mentioned 
conditions are shown. 



product commercially available from Sumitomo Chemical 
Co., Ltd., Japan) was pulverized, sieved to obtain a 

10 fraction of 0.5 - 1 mm grain sizes, follpwed by drying 
at 120°C for 2 hours, firing (or calcining) at 700°C for 
2 hours, and subjected to the tests. 

[0037] 
Catalyst 2 : Ti0 2 

15 Granular titania (CS-200-24, trademark of a 

product commercially available from Sakai Chemical 
Industry Co., Ltd., Japan) was pulverized, sieved to 
obtain a fraction of 0.5-1 mm grain sizes, followed by 
drying at 120°C for 2 hours, firing at 700°C for 2 hours, 

20 and subjected to the tests. 



[0036] 



Catalyst 1 



A1 2 0 3 



Granular alumina (NKHD-24, trademark of a 



[0038] 



Catalyst 3 



Zr0 2 



200 g of zirconyl nitrate was dried at 120°C 



for 2 hours and fired at 700°C for 2 hours. The 



25 resulting powders were placed in a mold and compression 
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molded under a pressure of 500 kgf/cm 2 . The molded 
product was pulverized and sieved to obtain zirconia 
grains having grain sizes of 0 . 5 - 1 mm, and subjected 
to the tests. 
5 [0039] 

Catalyst 4 : Si0 2 

Granular silica (CARIACT-10, trademark of a 
product commercially available from Fuji Silysia Co., 
Ltd., Japan) was pulverized and sieved to obtain a 
10 fraction of 0.5 - 1 mm grain sizes, followed by drying 
at 120°C for 2 hours, firing at 700°C for 2 hours, and 
subjected to the tests. 
[0040] 

Catalyst 5 : Ti0 2 -Zr0 2 

15 Granular titania (CS-200-24) was pulverized to 

grain sizes of 0.5 mm and under. 100 g of the resulting 
powders was admixed with 78.3 g of zircbnyl nitrate and 
kneaded while adding pure water thereto. After the 
kneading, the kneaded mixture was dried at 120°C for 2 

20 hours and fired at 700°C for 2 hours. The resulting 
powders were placed in a mold and compression molded 
under a pressure of 500 kgf/cm 2 . The molded product was 
pulverized and sieved to obtain grains having grain 
sizes of 0.5 - 1 mm, and subjected to the tests. 

25 [0041] 

Catalyst 6 : Al 2 0 3 -MgO 

Granular alumina (NKHD-24) was pulverized to 
grain sizes of 0.5' mm and under. 100 g of the resulting 
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powders were admixed with 56.4 g of magnesium nitrate 
and kneaded while adding pure water thereto- After the 
kneading, the kneaded mixture was dried at 120°C for 2 
hours and fired at 700°C for 2 hours. The resulting 
5 powders were placed into a mold and compression molded 
under a pressure of 500 kgf/cm 2 . The molded product was 
pulverized and sieved to obtain grains having grain 
sizes of 0.5 - 1 mm, and subjected to the tests. 
[0042] 

10 Catalyst 7 : Al 2 0 3 -Ti0 2 

Granular alumina (NKHD-24-) was pulverized to 
grain sizes of 0.5 ram and under. 100 g of the resulting 
powders were admixed with 17.4 g of dried powders of a 
metatitanic acid slurry and kneaded while adding pure 

15 water thereto. After the kneading, the kneaded mixture 
was dried at 120°C for 2 hours and fired at 700°C for 2 
hours. The resulting powders were placed in a mold and 
compression molded under a pressure of 500 kgf/cm 2 . The 
molded product was pulverized and sieved to obtain 

20 grains having grain sizes of 0.5 - 1 mm, and subjected 
to the tests. 
[0043] 

Catalyst 8 : Al 2 0 3 -Si02 

Granular alumina (NKHD-24) was pulverized to 
25 grain sizes of 0.5 mm and under. 100 g of the resulting 
powders were admixed with 13.2 g of dried powders of Si0 2 
sol and kneaded while adding pure water thereto. After 
the kneading, the kneaded mixture was dried at 120°C for 
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2 hours and fired at 700°C for 2 hours. The resulting 
powders were placed in a mold and compression molded 
under a pressure of 500 mgf/cm 2 . The molded product was 
pulverized and sieved to obtain grains having grain 
5 sizes of 0.5 - 1 mm, and subjected to the tests. 
[0044] 

Test results of the above-mentioned catalysts 
1 to 8 are shown in Fig. 2. 
[0045] 
10 [Example 2] 

In this Example, effects of addition of the 
third elements were examined under the same conditions 
as in Example 1. Individual catalysts were prepared as 
follows . 
15 [0046] 

Catalyst 9 : Al 2 0 3 -Ti0 2 

Granular alumina (NKHD-24) was pulverized and 
sieved to obtain grains having grain sizes of 0.5 - 1 
mm, followed by drying at 120°C for 2 hours. Then, the 
20 dried grains were impregnated with 17 6 g of an aqueous 
30% titanium sulfate solution. After the impregnation, 
the grains were dried at 250° - 300°C for about 5 hours 
and then fired at 700°C for 2 hours, and subjected to the 
tests . 
25 [0047] 

Catalyst 10 : Al 2 0 3 -Ti0 2 -Zr0 2 

Granular - alumina (NKHD-24) was pulverized and 
sieved to obtain grains having grain sizes of 0.5 - 1 
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mm, followed by drying at 120°C for 2 hours. Then, the 
dried grains were impregnated with 17 6 g of an aqueous 
30% titanium sulfate solution. After the impregnation, 
the grains were dried at 250° - 300°C for about 5 hours 
5 and then fired at 700°C for 2 hours, to give Catalyst A. 
Then, 50 g of Catalyst A grains were impregnated with an 
aqueous solution of 6.7 g of zirconyl nitrate dihydrate 
in 90 g of H 2 0. After the impregnation, the grains were 
dried at 120°C for 2 hours and then fired at 700°C for 2 
10 hours, and subjected to the tests. 
[0048] 

Catalyst 11 : A1 2 0 3 -T:L0 2 --W03 

Catalyst A was prepared in the same manner as 
in Catalyst 10. Then, 50 g of Catalyst A grains were 
15 impregnated with 90 g of an aqueous solution of 6.5 g of 
ammonium paratungstate in H 2 0. After the impregnation, 
the grains were dried at 120°C for 2 hours and then fired 
at 700°C for 2 hours, and subjected to the tests. 
[0049] 

20 Catalyst 12 : Al 2 0 3 -Ti0 2 -Si0 2 

Catalyst A was prepared in the same manner as 
in Catalyst 10. Then, 50 g of Catalyst A grains were 
impregnated with 90 g of an aqueous solution of 7.5 g of 
20 wt.% silica sol in H 2 0. After the impregnation, the 
25 grains .were dried at 120°C for 2 hours and then fired at 
700°C for 2 hours, and subjected to the tests. 
Catalyst 13 : Al 2 0 2 -Ti0 2 -Sn0 2 • 

Catalyst A was prepared in the same manner as 
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in Catalyst 10. Then, 50 g of Catalyst A grains were 
impregnated with 90 g of an aqueous solution of 5.6 g of 
tin chloride dihydrate in H 2 0. After the impregnation, 
the grains were dried at 120°C for 2 hours and then fired 
5 at 700°C for 2 hours, and subjected to the tests. 
[0050] 

Catalyst 14 : Al 2 0 3 -Ti0 2 -Ce0 2 

Catalyst A was prepared in the same manner as 
in Catalyst 10. Then, 50 g of Catalyst A grains were 
10 impregnated with 90 g of an aqueous solution of 10.9 g 
of cerium nitrate hexahydrate in H 2 0. After the 
impregnation, the. grains were dried at 120°C for 2 hours 
and then fired at 700°C for 2 hours, and subjected to the 
tests . 

15 Catalyst 15 : Al 2 03-Ti0 2 -Mn0 2 

Catalyst A was prepared in the same manner as 
in Catalyst 10. Then, 50 g of Catalyst A grains were 
impregnated with 90 g of an aqueous solution of 7.2 g of 
manganese nitrate hexahydrate in H 2 0. After the 
20 impregnation, the grains were dried at 120°C for 2 hours 
and then fired at 700°C for 2 hours, and subjected to the 
tests . 

[0051] 

Catalyst 16 : Al 2 0 3 -Ti0 2 -Bi 2 0 3 
25 Catalyst A was prepared in the same manner as 

in Catalyst 10. Then, 50 g of Catalyst A grains were 
impregnated with 90 g of an aqueous solution of 7.4 g of 
bithmus nitrate hexahydrate in H 2 Q. After the 
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impregnation, the grains were dried at 120°C for 2 hours 
and then fired at 700°C for 2 hours, and subjected to the 
tests . 

[0052] 

5 Catalyst 17 : Al 2 0 3 -Ti0 2 -NiO 

Catalyst A was prepared in the same manner as 
in Catalyst 10. Then, 50 g of Catalyst A grains were 
impregnated with 90 g of an aqueous solution of 7.3 g of 
nickel nitrate hexahydrate in H 2 0. After the 
10 impregnation, the grains were dried at 120°C for 2 hours 
and then fired at 700°C for 2 hours, and subjected to the 
tests. 

[0053] 

Catalyst 18 : Al 2 0 3 -Ti0 2 -B0 4 

15 Catalyst A was prepared in the same manner as 

in Catalyst 10. Then, 50 g of Catalyst A grains were 
impregnated with 90 g of an aqueous solution of 12.0 g 
of ammonium borate octahydrate in H 2 0. After the 
impregnation, the grains were dried at 120°C for 2 hours 

20 and then fired at 700°C for 2 hours, and subjected to the 
tests . 

[0054] 

Activities of the above-mentioned Catalysts 9- 
18 as well as that of Catalyst 1 in Example 1 are shown 
25 in Fig. 3. 

[0055] 
[Example 3] 

In this Example, various catalysts are 
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prepared by changing the alumina raw material and the 
titania raw material, and activities are examined in the 
same manner as in Example 1. 
[0056] 

5 Catalyst 19 : A1 2 0 3 

Boehmite powders (PURAL SB, trademark of a 
product commercially available from Condea Co., Ltd.) 
were dried at 120°C for 2 hours. 200 g of the resulting 
dried powders were fired at 300°C for 0.5 hour and 

10 further fired at an elevated temperature of 700°C for 2 
hours. The resulting powders were placed into a mold 
and compression molded under a pressure of 500 kgf/cm 2 . 
The molded product was pulverized and sieved to obtain 
grains having grain sizes of 0.5 - 1 mm, and tested. 

15 [0057] 

Catalyst 20 : Al 2 0 3 -Ti0 2 

Boehmite powders (PURAL SB) were dried at 120°C 
for one hour. 200 g of the resulting dried powders were 
kneaded with 248.4 g of an aqueous 30% titanium sulfate 

20 solution, while adding about 200 g of pure water 

thereto. After the kneading, the kneaded mixture was 
dried at 250° - 300°C for about 5 hours and then fired at 
700°C for 2 hours; The resulting powders were placed 
into a mold and compression molded under a pressure of 

25 500 kgf/cm 2 . The molded product was pulverized and 

sieved to obtain grains having grain sizes of 0.5 - 1 mm 
and tested. 
[0058] 
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Catalyst 21 : A10 3 -Ti0 2 

Boehmite powders (PURAL SB) were dried at 120°C 
for one hour. 200 g of the resulting dried powders were 
kneaded with about 100 g of an aqueous solution 
5 containing 78.6 g of 30% titania sol in pure water. 
After the kneading, the kneaded mixture was dried at 
120°C for about 2 hours and then fired at 700°C for 2 
hours. The resulting powders were placed into a mold 
and compression molded under a pressure of 500 kgf/cm 2 . 
10 The molded product was pulverized and sieved to obtain 
grains having grain sizes of 0.5 - 1 mm and tested. 

[0059] 
[Example 4] 

In this Example, catalysts are prepared by 
15 changing the composition of Al and Ti in Catalyst 20 in 
Example 3 and their activities are examined: 
[0060] 

Catalyst 22 : Al 2 0 3 -Ti0 2 

Boehmite powders (PURAL SB) were dried at 120°C 

20 for one hour. 100 g of the resulting dried powders were 
kneaded with 48.8 g of an aqueous 30% titanium sulfate 
solution while adding about 150 g of pure water thereto. 
After the kneading, the kneaded mixture was dried at 250° 
- 300°C for about 5 hours and then fired at 700°C for 2 

25 hours. The resulting powders were placed into a mold 
and compression molded under a pressure of 500 kgf/cm 2 . 
The molded product was- pulverized and sieved to obtain 
grains having grain sizes of 0.5 - 1 mm and tested. 
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[0061] 

Catalyst 23 : Al 2 0 3 -Ti0 2 

Boehmite powders (PURAL SB) were dried at 120°C 
for one hour. 100 g of the resulting dried powders were 
5 kneaded with 82.4 g of an aqueous 30% titanium sulfate 
solution while adding about 120 g of pure water thereto. 
After the kneading, the kneaded mixture was dried at 250° 
- 300°C for about 5 hours and then fired at 700°C for 2 
hours. The resulting powders were placed into a mold 
10 and compression molded under a pressure of 500 kgf/cm 2 . 
The molded product was pulverized and sieved to obtain 
grains having grain sizes of 0 . 5 - 1 mm and tested. 
[0062] 

Catalyst 24 : Al 2 0 3 -Ti0 2 

15 Boehmite powders (PURAL SB) were dried at 120°C 

for one hour. 100 g of the resulting dried powders were 
kneaded with 17 4.4 g of an aqueous 30% titanium sulfate 
solution while adding about 70 g of pure water. After 
the kneading, the kneaded mixture was dried at 250° - 

20 300°C for about 5 hours and then fired at 700°C for 2 
hours. The resulting powders were placed into a mold 
and compression molded under a pressure of 500 kgf/cm 2 . 
The molded product was pulverized and sieved to obtain 
grains having grain sizes of 0.5 - 1 mm and tested. 

25 [0063] 

Catalyst 25 : Al 2 0 3 -Ti0 2 

Boehmite powders (PURAL SB) was dried at 120°C 
for one hour. 100 g of the resulting dried powders were 
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kneaded with 392g of 30% titania sol. After the 
kneading, the kneaded mixture was dried at 250° - 300°C 
for about 5 hours and then fired at 700°C for 2 hours. 
The resulting powders were placed into a mold and 
5 compression molded under a pressure of 500 kgf/cm 2 . The 
molded product was pulverized and sieved to obtain 
grains having grain sizes of 0.5 - 1 mm and tested. 
[0064] 

Activities of the above-mentioned Catalysts 
10 22-25 are examined in the same manner as in Example 1 
and the results are shown in Fig. 5. 

[0065] 
[Example 5] 

In this Example, sulfuric acid is added at the 
15 time of preparing a catalyst. 
[0066] 

Catalyst 26: Al 2 0 3 -Ti0 2 

Boehmite powders (PURAL SB) were dried at 120°C 
for one hour. 150 g of the resulting dried powders, 

20 58.8 g of 30% titania sol solution (CS-N, manufactured 

by Ishihara Sangyo Kaisha, Ltd.) and an aqueous solution 
of 44.8 g of 97% sulfuric acid solution diluted with 250 
ml of pure water were added and kneaded. After 
kneading, the kneaded mixture was dried at 250° - 300°C 

25 for about 5 hours and. then fired at 700 Q C for 2 hours. 
The fired product was pulverized and sieved to obtain 
grains having grain sizes of 0.5 - 1 mm and tested. The 
test conditions are the same as those of Example 1, 
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except for changing the space velocity 1000 per hour. 
The test results were that the decomposition rate of C 2 F 6 
at the reaction temperature of 650°C was 80%. 
[0067] 

5 [Effects of the Invention] 

According to the present invention, fluorine- 
containing gases such as C 2 F 6 , NF 3 , etc. can be subjected 
to decomposition treatment efficiently. 

[Brief Description of the Drawings] 
10 [Fig. 1] 

A block diagram showing a treatment process 
according to one embodiment of the present invention. 
[Fig. 2] 

A graph showing performances of various 

15 catalysts for decomposing fluorine compounds. 
[Fig. 3] 

A graph showing performances of various 

catalysts for decomposing fluorine compounds. 
[Fig. 4] 

2 0 A graph showing performances of various 

catalysts for decomposing fluorine compounds. 
[Fig. 5] 

A graph showing performances of various 

catalysts for decomposing fluorine compounds. 

25 [Description of Reference Numerals] 

1 ... C 2 F 6 , 2 ... N 2 , 3 ... air, 4 . . steam, 
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5 ... reaction gas, 6 ... decomposed gas, 7 ... exhaust 
gas 



- 27 - 



[B l J 



SIS 




CM 

o 



BEST AVAILABLE COPY 



[13 2] 

HI 2 

C/4T/&LY*7 AUK 6 

0 20 40 60 80 100 



3 L 



1 I . I 



BEST AVAILABLE COPY 



[03] 



HI 3 



mm 



[04] 



20 40 60 80 



m 4 



100 



C/4-TAuYrr 



SiSSl 9 



20 40 60 80 

T>£<*M T to /J ft&TS. 



100 



BEST AVAILABLE COPY 



ch 5 ] 



[hi* !r] 

El 5 



'////////////////////////A 



20 



80 



40 60 

(%) 



100 



BEST AVAILABLE COPY 



[Title of Document] Abstract 
[Abstract] 

[Problem] To provide a decomposition treatment process 
for decomposing fluorine compound-containing gas such as 
C 2 F 6 and the like efficiently and catalyst therefore. 
[Solution] 

ft gas stream containing at least one of 
compounds having two or more carbon atoms ana fluorine 

.*»(.) -en « the like ' ° r CO, " pOUndS ° £ 

nitt ogen .«-(.) and fluorine atom,*, is oontacted with 
a catalyst comprising at least. one of alumina, titanra, 
.ilic. and zirconia at a temperature of about 400= to 

rz ^ffe^ctive amount of 
about 800°C in the presence of an effective 

it in the qas stream to HF. 
water vapor to convert F in tne g 

[Advantages] 

Fluorine compound-containing gas can be 

subjected to decomposition treatment with good 
efficiency. 

[Selected Drawing] Fig. 2 
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